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d. Operating personnel should be- more familiar with the

ground h y d r a u l i c  t e s t  c a r L .

e. The hy d r a u l i c -  hoses and pump of  the contamination moni—
t o r ing  u n i t  should be designed so t h a t  t h ey  are readily transportable
and store easil y so t h a t  they  are not a hazard  to main tenance
personnel .

L
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8 .4 .5 .  CONCLUS IONS .

a. M i c r o — S c a n  2 does measure particulate contamination in
MIL— H— 56 06 hy draul ic f l u i d , but  has the following deficiencies:

( 1)  I n s e ns i t i v e  to p a r t i c l e - s  less  than  10 mic romete r s  in
size.

(2) Instrument calibration change s w i t h  t ime .
(3) Sensor is s e n s i t i v e  to pump p u l s a t i o n s  and must  be

isolated .

b . The ilIAC PC 120 does measure - p articu late contamination
in MIL—H—5606 hydraulic fluid , hut he- t h e  f o l l o w i n g  de f i c i enc i e s :

• (1) I n sens i t i ve  to l a r g e  p a r t i c l e - s .
(a) Ins t rume nt  c a l i b r a t i o n  e -h a n g e - s  w i t h  t i m e .
( 3) Low f low r a t e  th roug h s e ns or .

c. Both Micro—S can and r I JAC Pc: 120 appear  to be affected by
e l e c t r o n i c  emission , and are s e n s i t i v e  t o  m e c h a n i c a l  v i b r a t i o n .

d.  There is need to learn  more a b o u t  p a r t i c l e  generat ion in
h ydrau l i c  systems and to learn  more about  t h e  e f f e c t s  of contamination
on system wear .

8.4.6. RECOMMENDATIONS.

a. Cont inue  the development  of -o n t a m i n a t i o n  mon i to r ing
equipment  to remedy de f i c i enc ie s  in e x i s t i n g  equ ipmen t .

b. Study pa r t i c l e  genera t ion  in a i r c r a f t  h ydraul ic  systems ,
i ts so urces and the e f f e c t s  on component wear .

L j
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8 .5 .  lES t OF A L U M I N U M  OXID F.  H’i ,R OMI- - I F ~RS

8. 5.1. ~~z!~ nete rs_ — Genera l  The q u a n t i t y  of w a t e r  in p e t r o l e u m
products  is cus tomar i l y meat ared by t he  K a r l  F ische r method (ASTM
procedure D 1 7 4 4 — 6 4 ) .  T h i s  I ; a l a bo r a t o r y  method of determin ing
the to ta l  wa te r  c o n t e n t .  I t  is h i g hl y d e s i r a b l e  to f i n d  a simp le r
method w h i c h  mig ht  be used at the flig ht—line leve l of maintenance to
determine wate r  conten t  in M I L — H —5 6 06 B a i r c r a f t  h y d r a u l i c  f l u i d . One
possible approach to t h i s  Is the use of a h ygromete r  s imi lar  to Pana—
m e t r i c s  Model 2000 or VeeKay Model V K —36 f o r  m e a s u r i n g  wa te r  c o n t e n t .
Both  of these make use of a sensor which  c o n s i s t s  of an a luminum s t r i p
which has been anodized by a special  process to provide  a porous oxide
laye r.  A very thin  coat ing  of gold is evaporated over th i s  s t r u c t u r e .
The aluminum base and the gold layer  form the two e lect rodes  of an
-aluminum oxide capac i to r  which  provides  a measure which  can be re la ted
to vapor pressure and dissolved wate r  con ten t  in an o rgan ic  li quid .
This is not the same water  conten t  measured by the Karl  Fischer reagent
method .  The Karl  Fischer method measures t o t a l  water  content  which
inc ludes  both dissolved and f ree  wa te r  con t en t  of the f l u id . The
hygrometer  measures onl y the f o rm e r .  This  lesser capability is accept—
able for  f i e ld  use.  Visual inspection will usually, reveal sa tura ted
f l u i d . The hygrometer  has the p o t ent i a l  of measur ing water  content  In
excess of spec if ica t ion l imi ts , but still unsaturated.

To de te rmine  the weig ht  conten t  of water  w i t h i n  an organic
f l u id  h enry ’ s Law must  be app lied . Henry ’ s Law s t a tes  tha t  the mass
of gas dissolved by a given volume of solvent , at cons tan t  temperature ,
is propor t iona l  to the pressure of gas w i t h  which  i t  is in equilibrium .
The p a r t s  per mi l l ion  by weight of water  in organic  li quids is equal
to the pa r t ia l  p ressure of water  vapor t imes a cons t an t .  Thus , Hen r y ’s
Law constant  must be computed separate ly  for  each f l u i d .  It is the
sa tura t ion  percent of water for  the solvent in quest ion divided by the
satu rat ion vapor pressure of water  at  the temperature  of measurement .
Once this  constant is known , the weig ht  percent  of water  in the organic
f l u i d  is computed by m u l t i p l y ing th i s  constant  t ime s the vapor pressure
of water  measured by the probe .

8 . 5 . 2 .  DESCRIPTION OF EQU IPMENT J TEST PROCEDURE, AND RESULTS.

8.5.2.1. Panametrics Model 2000 Tests were made on MIL — H—56 0 6B -4
hyd rau l i c  f lu id  us ing a Panametr ics  Model 2000 hygrometer  and M2 probe ,
se r I a l  number 21 14—H.  S p e c i f i c a t i o n s  fo r  t h i s  hygrometer  are given in
Table 7. A p i c tu r e  of the equipment is shown in Photo 8. The r esu l t s
of the  test are shown in Figure  19.

8 .5 . 2 . 1 . 1.  Test Pro cedure The P ana metr - lcs  hygrometer  was borrowe d
from the Ground Support  Eq uipment Divis ion of the  Naval Air Engineering
C e n t e r , and a c a l ib r a t i o n  curve for  the probe was not provided . To
cor re l a t e  scale reading wi th  the wate r  content of the f l u id , samples

L 

of h y d r a u l i c  f lu i d  were prepared w i t h  var ious  wate r  con ten t s .  A
Kar l  F i scher  typ e ana lys is  was performed on each samp le to determine

L



- -—- -

()

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I

~~- -  (1~~~ ~~ ~~. ~~-- - 
- 0 — ~~ — 

-~a. - -- 
~~

- ~~~~~~~~ ~~ o

~ 0

At; 1~¾% \
C

• 
.-

_ - ~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - ----

~~~~



t• . -- - — -
~~~~
— 

-

~ 

-

/4J~J..lIL$C.-5215/4A (~sv.3—7o) NAEC— G :-:~ - l ( - ~
P L A T O  N O .  ~ O m O 4  PAGE 3.3

r 1
t h e  a c t u a l w at e r  c o n t e n t .  H y g r o m c -t er  r e a d i ng s  were taken  on the
same samp les , and the  r e s u l t i n g  r e l a t  i on s h i p  found is p lo t t ed  in
Fi gure 19.  Ih er e  w er e -  23 da t a  p o i n t s  c o v e r i n g  a range of water  con-tents t rom 38 to 442 ppm . The Karl Fischer tests were reproducible
to w i t h i n  2 ppm f o r  the  same samp l e. t h e  r e l a t i o n s h i p  was l inear ,
and c o r r e l a t i o n  was e x c el l en t .  T h i s  t e s t i n g  was done about the middle

- J u n e .

s .5...l.2 Determination of Dew Point The calibration curve relates
m i t e r  r e a d in g  to dew p o i n t .  Since no c -a l  i b r a t i o n  curve was provided ,
i t  was d ec i d e d  to prepare  a c a l i b r a t i o n  curve  u s i n g  a f l u i d  for  wh ich
the  Henry ’ s Law cons ’ ant  i s  known . N orma l hexane was chosen fo r  t h i s
purpose .  Twelve  hexane samples of known w a t e r  c o n t e n t , measured by
the  Kar l  F i scher  method , were a lso measured by the hygrometer. Knowing
H e n r y ’ s Law cons tan t  and w a t e r  c o n t e n t , t he  dew p o i n t  was ca l cu l a t ed .
The r e l a t i o n s h i p  is grap h i c a l ly  p o r t r a y e d  on the  nomogram shown in
F Igu re  20.

At t h i s  poin t  the  h y g r o m e t e r  ~~~is r e t u r n e d  b r i e f l y  to NAEC .
When It  came back again to Vi l l anova , t h e  m e t e r  r e a d i n g s  fo r  the
p r e v i o u s l y  prepared samp les were s i g n i f i c a n t l y  d i f f e r e n t .  Readings
f o r  Jul y 9 are also shown on Fi gu r e  H .  A m e t e r  r ead ing  of 3.0 mean t
a w a t e r  content  of 250 ppm in m i d —j u n e , b ut  o n ly  93 ppm in ear ly  Jul ’..
No cause for  t h i s  a b e r r a t i o n  was a p p a r e n t .  I t  v i t i a t e d  the dew po in t
c a i c-u l a t i o n s  of the p r e c e d i n g  p a r a g r a p h.  S h o r t l y a f t e r  Ju ly  9 , the
Panamet r ics h yg rometer had to be returned to NAEC for other use which
prec luded  f u r t h e r  t e s t i n g .  However , a VK—3 6 h ygromete r  made by VeeKay,
L t d . ,  became available fo r t e s t .  The VK — 3 6 makes use of the same
p r in c ip le s  for  determining dissolved water  as the Panametr ics  Model
2000.

8 . 5 . 2 . 2 .  VeeKay Hygrometer,  Model VK — 3 6 Specif ications for the
VK— 36 hygro ’m ete r  are l i s t ed  in Table 8. This  hygromete r  had Probe
No. 74085. A c a l i b r a t i o n  curve fo r  t h i s  probe is thown in Fi gure 21.
A p i c t u r e  of the hygrometer  is shown in Photo 9. Both hygrometers
had been used fo r  water  measurements  on Jul y 9 be fore  a meter  f a i l u r e

- 

- on the VeeKay hygrometer  prevented f u r t h e r  measurements .  A comparison
o f readings of the two In s t rumen t s  are shown in Figure 2 2 .  The Pana—
met r i c - s hygrometer  has a pointer  and scale for  measuring,  while the
VK— 36 has a d i g i t al  readout . The scale readings only have meaning
when ca l ib ra ted  against  dew point  or the p a r t i a l  pressure of wa te r .
On Ju ly  28 testing was resumed on the VK— 36 hygrometer  a f t e r  repair of
the d ig it a l  ou tpu t  me te r .  The r esu l t s  are shown in Figure 23. The
sami’ s h i f t  of c a l i b r a t i o n  noted for  the Panametr ics  hygrometer  was also
noted for  the V K— 3 6.
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8.5.2.3. E f f e c t  of Temperature on l~y~~rom et€- r Reading~ F u r t h e r  t e s t
of t he  VK—36 h ygromete r  was c o n d u et e d . F i r s t , the  e f f e c t  of tempera-
t u r e  on the  hygrome te r  readings  was measu red .  The h y g r o m e t e r  p robe
was inser ted  in a three-  necked f l a s k  p a r t i a l l y f i l l e d  w i t h  M I L — H —
5606B h y d r a u l i c  f l u i d  w i t h  a w a t e r  c o n t e n t  of 204 ppm . A thermom eter
was in se r t ed  t h r o u g h the-  second nec- k of t he  f l a s k , and t h ~ t h i r d  ne c k
was s t oppe red  so t h a t  t h e  f l u i d  was no t  exposed to th e  atmospher e- d u r i n g
test. Tests were conducted on Jul y 31 and A u g u s t  5 w i t h  t h t  r e s s l t , ~
shown in Figure 24. Once again the calibration changed between t e s t s .

8 . 5 .2 . 4. Variation of Henry ’s Law w ith 1~~ perature Using the results
of testing on August 5 a Henry ’s Law constant was cah-ulated using
the  nomogram , Figure 20. The results appear to be quite close to t h e -
r e s u l t s  ob ta ined  b y taking saturation va1ues from previous tests
conducted at Villanova and reported in Reference d. The constant was
obta ined f r o m  the VK—36 measurements  by taking the known quantity of
w a t e r  in the f l u i d , 204 ppm , obtaining the dew point from the probe
c a l i b r a t i o n  curve and read ing  the constant using the left side of the
nomogram . The cons t an t  was ob t a ined  f r o m  r e f e r ence  d.  data f r o m  the
s a t u r a t i o n  c o n c e n t r a t i o n s  at known t e m p e r a t u r e s  and us ing  the r i gh t  s ide
of the  nomogram. The v a r i a t i o n  of Henry ’s Law constant with temperature
is shown in F igure  25.

8 . 5 . 2 . 5 .  Time Response of VK— 36 ll’.’groii~~ometer .  Ano the r  tes t  made on the
VK — 3 6 hygrometer  was a measurement  of the  t ime it takes  to get a f i n a l
reading .  This is shown in Figure 26.

8.5.3. Discussion and Analysis The measurement of water content of
M I L —H — 5606 h yd raul ic  f l u i d  did not appear to be a problem In a previous
s tudy  made by Villanova University , reference e. However , recent exper-
ience wi th the P3 aircraft , overhauled at NARF Alameda , has reveal ed
tha t  w a t e r  in combinat ion  w i t h  Freon , a solvent used in a i r c r a f t  main-
te nance , appea rs to be the cause of excessive corrosion in the hydraulic
sys tem of t h i s  ai r c r a f t .  The ex ten t  to which this combination is
a f f e c t i n g  o ther  a i r c r a f t  is under inves t iga t ion  by the  Navy . Wate r  is
a lso  d e t r i m e n t a l  in tha t  it can a f f e c t  the addi t ives  which are present
in h y d r a ul l .  f l u i d , can cause degrada t ion of the fluid , and can be the
breed ing  ground f o r  undesirable  organisms . For these reasons the wate r
c o n t e n t  of h y d r a u l i c  f l u i d  should be controlled; but first , it must be
measured.

The l abora to ry  method of measur ing  wa te r  conten t  is not readi l y
adaptable  for  f i e ld  use . The aluminum oxide h yg rometer appears to have
t h i s  p o t e n t i a l  a l t h o u g h there  ex i s t  some Inheren t problems . One of
these  is the dependence of the aluminum oxide hygrome ter on Henry ’s
Law which relates to the sa tura t ion  concent ra t ion  of water  in hydrau l i c
f l u i d .  A p rev ious  s t u d y ,  r e f e r e n c e  d , showed tha t  the  sa tu ra t ion
con eent r a t  Ion of w a t e r  In hy d r a u l i c  f l u i d  var ied not onl y wi th  temp—
erature , but alsc, with the source of manufacture of the f l u i d . In
sp i t e  of t h i s , t he  s imp l i c i t y  of o p e r a t i o n  of the  a luminum oxide
hygrome ter makes It attractive for field use. This hygrometer only
ha~ tc, be immerst’d In the fluid being tested to obtain a meter read ing

L
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- an he re- I at eel t o  wa e r  e~Ofl t c-n . J u l  or tuna t e I ~
- , l abo r ato ry test

.) t t h e  Panam e-t  r is  s and V -eK iv hygrometer s showed ot her  fail ings , conuno n
t o  b o t h .

The m a j o r  del ~~e l e ns  ies oJ t h e  i l  u m i n u m  o x i d e  hygromete r  revealed
by t h i s  t e s t i n g  are two . F i r s t , t h e  in ~ h i1 it’.’ of bot h instruments to
give c o n s i s t e n t  m et e-r r e a d i n g s  fr - Tm da\ t o  day  w h i c h  i s  st-en in Fi gures
19 , . 3 , and 24 is a m a j o r  d rawback  wh i - - h e  must be c o r r e c t e d  be fo re  any
practica l use of them can be n a d e .  ~ e - , -~~nd , t he  r e sponse- time of both
instruments to  a chang e-  in water c o n t e n t  i s  e-xce s s i v e - . For the V eeK ay
instrument this is ~iown in Fi gure- -~~h , but it was exp-rienced with
both hygrometers. The Panametrics spe- eifi c ation states that the in-
strument has a response t ime of less t h a n  5 soconds for a 63 percent
step change in moisture content in e i t h e r wet up er dry down cycle.
This  s p e c i f i c a t ion was not  met .

The variation of hygrometer re ading with temperature is a
lesser  p r o b l e m  if the variation of the  Henry ’s Law constant with
temperature can be determined . The- variation of the water saturation
u nIt of hydraulic fluid which also a f f e-cts the Henry ’s Law constant
is also a problem , but could he relieved by tight er fluid specifIca—
t Ions.

8 . 5 .4 .  CONCLUSIONS AND RECO~~€N DATII ?NS.

8.5.4.1. Cunclusions

a. Because of i t s  i n t e r a c t i o n  with c h l o r i n a t e d  solvents , wa te r
in a i r c r a f t  hydrau l ic  systems is becoming an increas ing problem . This
Is true for the P3 airc raft now , and may extend to other aircraft.
I f  it does , the re wi l l  be need for  a ready means of detecting , measur ing
and removing excess water  f rom aircraft hydraulic fluid.

b . Aluminum oxide hygrome ters are not suitable for measuring
wa ter content of MIL—H—5606 hydraulic - fluid for the follwing reasons:

(1) The meaning of the meter reading changes with time .
( 2 ) Speed o f r espo n se of the sensor makes it unsuitable for

I n — l i n e  m o n i t o r i n g .

(3) Henry ’s Law constant of the hydraulic f l u i d  changes for
diff e rent fluid sources.

L
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8.5.4.2. RECO~~4ENDA I 1uNS

a. Maintain (-lose- Liaison with NARF Alameda and NAVAIR to
keep updated on ex t en t  of probl em w i t h  ch lo r ina ted  solvents  and need
for support equi pment to detect and measure water content in hydra ul ic
f l u i d  and to recondition the  fluid .

b. Encourage the correction of deficiencies in present alum—
m u m  oxide hygrometers , and continue to look fo r  o the r  methods  of
measuring water in hydraulic f l u i d .
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8.6 .  C A L I B R A T I O N .

8.6.  1. General  Cal ib r a t  ion is nee -essary  to  i n su r e  t h a t  - q I i i J ’m e- ~~ I
measur ing  cons ist  t -n t  l v  each t ime i t  i s  used , and when compared ~~i t h  

—
other  s i m l l ~~r e- qu i r m c n t s .  A sat i s f a c t o r y  method of c a l  i b r a t  ion  is

ne cessary for an e l l ec t  ive quality c o n t r o l  program . l n t  ii the i .ist

few years in t h ~- sc~~-nc e-  of  parti culat e- measurement there was li t i  le-
accord between i n d i v dua l r e sea rche r s  f o r  lack of an agreed upon
standard. Rece- ntI~- , nowever , progress has been made by the Americ an
National Standards Institute in publishing a standard method for the
c a l i b r a t i o n  of l i ’- u i d  a u t o m a t i c  p a r t i c l e  coun te r s  using “AC ” fine test
dust , reference c- This was further extended to microscop ic type auto-
matic particle counters , and in a “round robin ” type test involving
both type of particle counters , use of the calibration procedures re—
sulted in agreement in count of common samp les within 20 percent ,
re fere nce f•  For the in—line contamination monitor being considered 

—
in this study an additional problem is presented.

Our present problem is two—fold. First , t he- desired o~ tput
of the in—line contamination monitor is a simp le- indication of “clean ”
or “dirty , and is not a pa r t i c l e  c o u n t .  Second , th e instrument which
mi ght be used for measuring cleanliness is not necessaril y a particle-
c o u n t e r .  I t  mig ht  be an ins t rumen t s i m i l a r  to the  M i l l i po re M i c r o -
Scan which is not a particle counter. The Navy standard for acceptable
c l e a n l i n e s s  is based on allowable number of p a r t i c u l a t e s  in the  range
of 5 micrometers and greater , but the present test rethote for field - -

use r equ i res  no count , only a color comparison w i t h  a g iven  s t anda rd .

The two equi pments tested for suitabili ty ao in—line contam—
m a t  Ion monite rs are good examples of the two different methods of - 

-
-

measuring fluid cleanliness. The HIAC PC 120 is a particle counter ,
and the Milllpore Micro—Scan is not. Any procedures developed for
calibrating these instruments should be adaptable both for field cal—
Ibration and for measuring conformance to specification requirement—
fo r  p r o c u r e m e n t .

8 .6 . 2 .  C a l i b r a ti o n  Procedures  S’-veral e a l ib r a t i on  procedures  w e r e
tried. First , the HIAC particle counter was calibrated us ing the
manufac turer ’s recommended procedure . HIAC provides fluid with a kn- -~ --
par ti c l e  count which can be passed throug h the sensor and mete r  read-
ings  recorded for  g iven  sensitivity settings. This method Is not
app ilcuuie to the M i lli pore Micro—Scan . For the latter , a gravimetr ic
method of measurement Is more appropriat e . Two gravimetric methods
were t r i e d . One method  uses m a t ch e d  w e i g h t  f i l t e r s  and measures the
wei ght change for a g iven volume of fl u id passing through . In the
second method , the  m et er  rea( ’ ing  I s  n o t e - c l  for different contamination
levels of the f l u i d  and the  r e s u l t s  p l o t t e d  10 show the  s e n s i t i v i t y  of
~~~ i n s t r u m e n t  to  known change s of contaml nati3n le-jel. Since clean—
I t n - s w  I s  d e f i n e d  b y particle coun t , f l u i d  samp les at each co nta m ina—

i on  I e v ~~1 art ’ ,i lso su b j e c t e d  to c oun t  In g  to insure  tha t c l ean l ine s s
N t n u i I n r d M  iir e s a t i s f i e d .  T h i s  l a s t  m e t h o d  Is  a p p l i c a b l e  to e i t h e r
Lv: ’ - ~! c o n t a m i n j i t i c i n  monitor and forms t h e  b a s i s  f o r  the  r equ i r emen t

L
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w h i c h  was e v e n t u a l l y i n c o r p o r a ted  i n t o  t h e -  p rocurement  s p e c i f i c a t i o n ,
Append ix  A .

8.6.2.1. HIAC PC 120. The c o n t r a c t o r ’ s recommended procedu re for
calibrating particle counters had to be modified to meet the unique
r equ i r emen t  of the PC 120 which is an ana logue  type  p a r t i c l e  counter .
The conventional particle counter counts the total number of particles
of a given size in a s p e c i f i c  volume of f l u i d .  The analogue type
counter measures the rate of counting, in this case , particles per
second . For the analogue counter the flow rate must be controlled.
This was accomplished by putting the test fluid with the known particle
count  into a pressure chamber , p r e s s u r i z i n g  the chamber using a min imum
of 40 psig to force the fluid through the- PC 120 sensor , and recording
the meter reading for different potentiometer settings. Photo 10
shows the pressure chamber and Figure 27 shows a cross—section of the
t es t  s e t — u p . A magne t i c  s t i r r e r  is used to agitate the fluid during
cal ibration. For this reason the base of the pressure chamber should
be non—magnet ic in nature so that it d ie-s nor interfere with the stir—
ring act ion . With a known r low rate through the sensor , the meter
reading of counts per second can be converted into particle count per
milliliter. Since the test fluid has a known particle count per milli-
l iter for particular size particles , the potentiometer setting f or a
given size pa r t i c 1.e can be determined. A typ ical calibration curve
is shown in Fi gure 28.

8 . 6 . 2 . 2 .  Mi l l ip ore  Micro—Scan.  The M i l l i p o r e  Micro—Scan  lends i t se l f
more to gravime~ L iL method s of calibration. The usual technique for
gravime t r ic anal ysis  is the matched weight filter. Two cellulose
f ilters of a given pore size are contained in a plastic holder. A
volume of f l u i d  is passed t h r o u g h the two filters and the increase in
wei ght of the top fil ter is measured and recorded . This gives the
weight of contaminant present in a specified volume of fluid , usuall y
m i l l i g r a m s  per l i t e r .  The results of these measurements were not
precise as can be seen from the  data in Tables 2, 3, and 4. For the
volumes used , the quan t i ty of d i r t  was very small , and subsequen t check
sho wed tha t  the matched weight filters as received from the manu-
fac turer and weight differences which were in excess of the weight of
cant  am 1nar~t .

Cravimetric  measurement of contaminant cannot be related
d i r e c t l y  to p a r t i c l e  count except a specific contaminant which has
a known p a r t i c u l a t e  d i s t r i b u t i o n . “AC ” fine test dust is such a
contaminant  which makes it a useful- standard for testing. This isone of the reasons that i t  is used by the  American National Standards
I n st I t u t e  for  i t s  ca l ib ra t ion  procedures .  Table 3 of reference C
1 I s t~ the particle size dis tribut ion for 1 mg/i of “AC ” fine test dust.

L ,j
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The next  method considered f o r  t h e  c a l i b r a t  on of the M i l l i—
pore Micro—Scan was to add a known wei ght of contaminant to the circu-
l a t ing  fluid in a test loop, and th en pass a portion of this flow
through the Micro—Scan and record its meter readings for each contam-
ination level. A sample of fluid was drawn just upstream of Micro—
Scan for a particle count to verif y the contamination level that the
sensor was experiencing. This last method gave satisfictory results ,
and was also used for  the HIAC PC 120, and was used as the basis for
contam ination measurement in the procurement specification , App endix A.

8.6.3. Conclusion The method of calibration which requires a test
loop and the addition of known weight of contaminant to the circulating
fluid in the test loop gave satisfactory results with both the M lii i—
pore Micro—Scan and the il IAC PC 120. I t  is more a p p r o p r i a t e  for  labor—
atory calibration than it is for field calibration of the instruments ,
however .

8.6.4. Recommendation It is recommended that further study be given to
a method of field calibration of whichever contamination monitor is
selected for procurement. --

L
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8.7. CONSTRUCT I ON AND USE OF FIELD SIMULATOR. It was Intended to
test the in—line contamination monitors tinder conditions which approached
service cond i t ions  as closel y as possible. The purpose of such testing
was to discover any problems which simp le- laboratory test might overlook .
To accomp l ish th i s  f iel d t e s t i n g ,  it was p lanned to use the  AHT 64
hydraulic test cart which had previousl\ been modified for use at NAS ,
Pa tuxent  River  and NAS , Cecil Field , and to connect  the cart  to a f i e l d
simulator which would represent the aircraft hydraulic system.

8.7.1. MODIFICATION OF AHT 64 TEST CAR T. The AHT 64 test cart , as
used previously ,  had been modified to have Micro—Scan 1 connected
internall y to the test cart return line. A pump was installed to pro-
vide flow to Micro—Scan 1. Power for Micro—Scan 1, the pump , and a
recorder was derived from the test cart batteries. Micro—Scan 1 had
been mod i f i ed  for this purpose. Since the concept of use had changed
since the previous tes ting ,  all of the installed equi pment was removed
from the AHT 64 test cart. It was now the intent to keep the contamin—
at ion monitor a separate unit , apart from the test cart and connect into
the tes t  ca r t  r e t u r n  l in e  e x t e r n a l ly .  As now envisaged , the in—line
contamination monitor was to consist of three units:

a. Sampling unit. This included the adapter for the test c-art
re turn l ine , connec tors and hoses for  supp ly and r e tu rn  lines to the
con tamina tion mon itor , and a pump to provide the required flow volume .

b . Sensor unit. This unit is installed in hydraulic lines
and provides a si gnal to the analytical unit which is proportiona l
to the amount of contamination detected.

c. Analy tical unit. This unit receives the signal from the
sensor and has the c i r cu i t ry  to transform that signal to a form which
ca n be disp layed on an output  me te r .

8 . 7 . 2 .  CONSTRUCTION OF A FIELD SIMULATOR. To simulate the aircraft
h y d r a u l i c  system a f i e ld  s imulator  was cons t ruc ted  of excess a i r c r a f t
hy d raulic pa r t s .  Photo 11 is a p i c t u r e  of the ai r c r a f t  hydrau l ic  system
si m u l a t o r .  Figure 29 Is a schematic drawing of the u n i t .  I t  consists
of two l inear ac tua tors  controlled by an elec tr ical ly  opera ted four  way
valve . Power fo r  the valve was provided b y the ba t t e ries of the ART 64
~~~~ ca rt , and a t iming switch was ins ta l led  In the power l ine to the
valve so that  the l inear  a c t u a t o r s  could be electricall y cycled. A
second hydraulic circui t included a rotary hydraulic motor with an
on—off valve , manually operated installed in the line . The rotary hy-
draul ic motor was coupled to a small DC generator  to provide loading
for the mo to r .  The MiT 64 provided hydraulic fluid flow to the simu-
la tor , and return flow from the simulator was to the hydraul ic  tes t
ca r t .  The adapter  of the sampling uni t  of the in—l ine  contamination
m o n i t o r  was loca ted  between the  r e t u r n  hose f rom the f ie ld  s imulator
and the AlIT 64 r e t u r n  c o u p l i n g .  Photo 12 is a pic ture of the re turn
l ine sampl ing  se c t i o n .

L
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rMIL-c-~,662 Calibration Sy8ten Require~ ent e  1

MIL—H— 832 82 Hydraulic Fluid , Fire Resistant, Synthetic Hydrc—
carbon Base, Aircraft

STANDAIRDS

Federal

FED—STD-595 Colors for Reedy Mixed 1-aints

FED— STD— 79 1 Lubricants, Liqui d Fuels , and Related Products;
Methods  of Testing

Military

MIL— STD-130 Identi f icat ion Marking of U .S. Mil i tary Property
MIL-STD—111.3 Standards and Specif ica t ions, Order of Precedence

for the selection of
MIL-STD —L i.5k Standard General Requ i re l en ts  for Electronic

Equipment

MIL — ST D—L ,.61 Electromagnetic Int e r f e r e n c e  Characte ristics,
Requirements for Equipment

MIL—STD—1162 Electromagnetic Interference Characteristics,
Measurements of

NI L— STD—L ~7O Maintainability Program Requirements

MIL-STD-1471 Maintainability Demonstration

MI L-~ TD—7O 1 Preferred and Guidance List of Semiconductor Devices
MIL— STD—756 Reliability Prediction
MIL— STD-78 1 Reliabil i ty Test Exponent ia l  Distribution

MIL— STD—785 Reliability Program for  Systems and E quipment
Deve lopment and Production

MIL—STD—810 Environmental Test Methods

MIL-STD-808 Finishe~ , Protect ive , arid Codes, for Finishing
Schemes for Ground and Ground Support Equipment

MIL—$TD—831 Test Reports, Preparation of

MIL—$TD—81+7 Format Requirements for Scientific and Technical
Reports prepared by or for the Department of Defense

141L-STD—1562 List of Standard Microcircuits

MS-336~6 Fitting End, Standard Dimensions for Flared Tube
Connection and Gasket Seal

MS—3361+9 Bosses, Standard Dimer.zion for Gasket Seal Straight
Thread

~~yal Air S~ stsma Command
NAVA IR—Ol-IA—1 7 Aviation Hydraulics Manual

L~~~
’—’6-1—’25 Preferred Standard Test Equipment (Avionics) a 
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’rawi n~~~ 1

• Naval Air £ngineerLn~ Center
NAEC GSED DWG . 5SE00363-3 Modi fication Plate
Other Publjcatjo~s

MIL—HDBK-472 Maintainability Prediction

MIL-HDBK-217B Reliability Prediction of Electronic
Equipment

ANSi B93.28—1973 Method for Calibration of Liquid Automatic
Particle Counters Using “AC ” Fine Test Dust

~Vhen requesting applicable documents , r e f e r to both t i t le  and num-
ber. Copies of document 0 may be obtained from the Commanding of-
ficer , Naval Publications and Forms Center , 5801 Tabo r Avenue,
Philadelphia, Pennsylvania, 191aO.

Copies of the AUI publication may be obtained from the American
National Standards Institute, 1430 Broadway , New York , New York,
10018.

L
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~r3. REQUIREMENTS 1

3.1 InsDection - The hyd rau l i c  contamination monitor
furnished shall be a product which has been tested in accordance
with the quality assurance provisions specified herein.

3.1.1 Safety - The safety engineering criteria of
1¼1L_ STD_454 Re quirement 1, shall be incorporated into the design
of this contamination monitor.

3.2 Desj~~ and Cp~struct1on - The design and construc-
tion of the contamination monitor shall be in accordance with
MIL-T—21200, class 2 and the detai l requirements speci fied herein.
All requirements of MIL—T-2 1200 for class 2 equipment apply unless
specifically deleted , modi fied , or waived herein or in the contract.
Additional detailed or supplemental requirements may be specified
herein for a general requirement listed in MIL—T —2 1 200. This does
not constitute a waiver of the general requirement. If a conflict
exists between this specification and any document specified herein,
this specification takes precedence.

3.2.1 Selection of parts, materials1, and proc~ses - Theselection of parts, materials, and processes shall be in accordance
with MIL—T-21200. It is intended that whenever industrial or com-
mercial specifications are applicable, they may be used when they
are technically suited and provide for economy . The order of pre-
cedence for the selection of these specifications or standards
shall be governed by MIL—STD—lLf3.

3.2.1.1 ComDatibj.lity - The contamination monitor shall
be constructed of materials that will not adversely affect or be
affected by hydraulic fluid conforming to MIL—H—%06, MIL—H—6083,
or MIL—H-83282, even when these fluids are contaminated by halogens
and chlorides up to a sxiaum of 1000 ppm . These contaminants are
produced by freon and trichiorethylene.

3.2.1.2 J’ia~i nu tr ie n t .  - Materials which are not nutri-
ents for fungi shall be used wherever possible. Where fungus—
nutr ient  materials must be used , they shall be treated with a fungi—
cida]. agent acceptable to the procuring ac t iv i ty.

3.2.1.3 Hydraulic t it t in~ s - All fit t ings and threaded
bosses in all components ahal]. be as specif ied in Standards MS—
336L+9 and MS-3%56. The use of taper pipe threads shall be held -

to a minimum. Where quick disconnects are used , they ehouJ. d seal
at each ond and be provided with dust covers.

3.2.1.4 Wirina - All wir ing shall conform generally to
aircraft wiring practice using wire - -h ich  conforms to specification
M IL— W—50 86 , end using AK/M S terminals, and connectors in accordance
with MIL— C -~~0 15 where ap plica ble. Quick disconnect type splices
shal l not be used . Mech anical strength as well as electrical
characteristic , shall be consider ed ±n the selection of wire
gauge. un ed . I nstallati on and wi re coding shall conform to MIL — W—
~O88. All •l.ctrical connec t ion . ’ s~a1l be marked in accor dance
L —~


